We propose an extended Hubbard model with three molecular orbitals on a hexagonal lattice with D 3h symmetry to study recently discovered superconductivity in A2Cr3As3 (A=K,Rb,Cs). Effective pairing interactions from paramagnon fluctuations are derived within the random phase approximation, and are found to be most attractive in spin triplet channels. At small Hubbard U and moderate Hund's coupling, the pairing arises from 3-dimensional (3D) γ band and has a spatial symmetry f y(3x 2 −y 2 ) , which gives line nodes in the gap function. At large U , a fully gapped p-wave state, pzẑ dominates at the quasi-1D α-band.
Recently, CrAs based superconductors have attracted much attention. CrAs itself is a 3D antiferromagnet (AFM), which becomes superconducting (SC) under modest pressure with T c ∼ 2K [1] . Subsequently, a new family of quasi-1D superconductors A 2 Cr 3 As 3 (A=K,Rb,Cs) has been discovered at ambient pressure with T c up to 6.1K [2] [3] [4] . The key building block of A 2 Cr 3 As 3 is the 1D [(Cr 3 As 3 )
2− ] ∞ double-walled subnanotubes ( Fig. 1 ), which are separated by columns of K + ions, in contrast to the layered iron-pnictide and copper-oxide high Tc superconductors.
This new family exhibits interesting properties in both the normal and SC states. In the normal state, the resistivity follows ρ(T ) = ρ 0 + AT in a wide temperature region, different from the usual Fermi liquid behavior ρ 0 +AT 2 [2] [3] [4] . NMR measurements on K 2 Cr 3 As 3 showed a power-law temperature dependence 1/T 1 ∼ T 0.75 above T c , which is neither 1/T 1 ∼ T for a Fermi liquid nor Curie-Weiss behavior 1/T 1 T ∼ C/(T + θ) for an AFM [5] . Below T c , the electronic contribution to the specific heat C e (T ) deviates from the BCS senario, and the extrapolated upper critical field H c2 exceeds the Pauli limit [2] [3] [4] . The Hebel-Slichter coherence peak of 1/T 1 is ab- sent in K 2 Cr 3 As 3 NMR measurement [5] . London penetration depth measurement for K 2 Cr 3 As 3 shows linear temperature dependence, ∆λ(T ) ∼ T , at temperatures T ≪ T c [6] . All these experiments are very difficult to explain within electron-phonon coupling mechanism, and suggest unconventional nature of superconductivity. The electronic structure of K 2 Cr 3 As 3 has been investigated by Jiang et al. [7] using density functional theory (DFT), which is confirmed by later calculation [8] . There are three energy bands at the Fermi level: two quasi-1D α-and β-bands with flat Fermi surfaces, and a 3D γ-band. It is natural to ask the question, which band is responsible for the superconductivity? On one hand, the linear temperature dependent resistivity and the power-law 1/T 1 in NMR indicate a quasi-1D TomonagaLuttinger liquid; on the other hand, upper critical field measurement H c2 implies a 3D superconductor [9] . In this Letter, we shall carry out theoretical study to address this issue. We shall focus on K 2 Cr 3 As 3 and the theory may be extended to other alkali chromium arsenides.
We begin with constructing the Hamiltonian by using symmetries. The space group for A 2 Cr 3 As 3 lattices is P6m2 and the corresponding point group is D 3h . [2] [3] [4] We shall also assume that the time reversal symmetry remains unbroken, and consider a system described by the Hamiltonian
where H 0 is the non-interacting part and H int is the interacting Hamiltonian.
Tight-binding model. We assume H 0 to be given by a tight-binding Hamiltonian. For K 2 Cr 3 As 3 , there are three Fermi surfaces corresponding to the α, β and γ bands. Minimally, we need three orbitals per unit cell (per Cr 6 As 6 cluster). From the DFT calculation, there are three low energy molecular orbitals. Two of them belong to 2D irreducible representation E ′ of D 3h group, and the other one is in 1D representation A Neglecting spin-orbit coupling, the tight-binding Hamiltonian H 0 can be constructed from these three orbitals,
where m, n = 1, 2, 3 are the three molecular orbitals, s =↑, ↓ is the spin index, c † kms (c kms ) creates an m-orbital electron with spin s. In the basis {|1 , |2 , |3 }, ξ kmn can be written in terms of matrix form
where λ 1−8 are Gell-Mann matrices. We now use the symmetry to analyse ξ . Therefore, ξ τ k can be determined using the Clebsch-Gordan coefficients. [10] Since the abplane lattice constant a = 9.98Å is much larger than that along the c-axis c = 4.23Å, we will only keep the hopping terms on ab-plane up to the first nearest neighbor (NN) bonds and those along c-axis up to the second NN bonds. To do this, we set the Bravais lattice basis a = ( Fig.1 ), and introduce k a = k · a, k b = k · b, k c = k · c, and some harmonic functions on the ab plane,
It is easy to verify that s x 2 +y 2 ∝ 1 −
where
By fitting the DFT band structure of K 2 Cr 3 As 3 , we obtain a set of parameters (in eV) as following: t 1 = 0.2274, t 4 = −0.0573, t 2 = −0.0040, t We also obtain the chemical potential µ chem = 0.2365 eV. As shown in Fig. 2 , the set of parameters well reproduces the Fermi surfaces. They also reproduce the energy dispersion along high symmetry lines and the density of states (DOS) near the Fermi level well [11] . By diagonalizing H 0 we obtain three energy bands with dispersion ǫ kµ and eigen-wavefunctions φ m kµ , hereafter µ is the band index. The bare susceptibility tensorχ 0 (q) is defined as
where f (ǫ kµ ) is the Fermion occupation number, N is the number of unit cells. Note thatχ 0 (q) can be also written as a 9 × 9 matrix in the two-body orbital space spanned by the basis {|m ⊗ |n : m, n = 1, 2, 3}. Interaction: Now we consider the electron-electron interaction. In the spirit of Hubbard approximation, i.e. retaining only the intra-unit-cell terms, we obtain the interacting Hamiltonian which respects D 3h symmetry, [11] (k, k − q; k ′ , k ′ + q) can be written as a matrix in the two-body orbital space,
whereΓ t is bare vetex in the equal-spin channel andΓ s is in the opposite-spin channel. The two-body orbital space can be decomposited to subspaces {|11 , |22 , |33 } ⊕ {|12 , |21 } ⊕ {|13 , |13 } ⊕ {|23 , |32 }. Thus,Γ s and Γ t are block diagonal in this set of basis,
where σ 1 is Pauli matrix and Π = 1+σ 1 is a 2×2 matrix. Effective pairing interaction. For weak coupling, the full vertex function Γ
can be evaluated diagrammatically, for instance, through the random phase approximation (RPA). To study the SC pairing, we only need to keep the vertices in pairing channels with
serves as an effective pairing interaction to study superconductivity instability.
In study of the cuprates, Scalapino et al. used RPA to calculateV σσ (k, k ′ ) in a single Hubbard model. [12] The RPA involves two types of Feynman diagrams in addition to the bare vertex functionV 0 (k, k ′ ) [11] . One contains the bubble diagrams, and the other contains the ladder diagrams with Cooperon. Here we generalize the calculation in Ref. [12] to the multi-orbital case. The effective pairing interactionV
where ∓ takes − for s and + for t. The effective pairing from the ladder diagrams iš
. For the notation, matrixǍ is related to matrixÂ via the following relation,
We can also project effective pairing potentialV σσ ′ (k, k ′ ) into three single particle bands through
where φ m kµ is the single particle eigenwavefunction in the µ-band.
Superconducting pairing instability. Because the three Fermi surfaces have different shapes, k and −k are always in the same band for k near the Fermi surfaces. For weak coupling, we only consider intra-band pairing (k to −k). A single band gap function can be written as
where ψ (k) = ψ (−k) is the spin-singlet gap function, and the d-vector d (k) = −d (−k) describes the spintriplet pairing, σ 0 is the unit matrix, σ 1,2,3 are Pauli matrice. To measure the intra-band SC pairing instability, we follow Scalapino et al., [12] and introduce a dimensionless coupling constant
where dS kµ is the integration over the µ-band Fermi surface and v kµ is the Fermi velocity, the µ-band form factor g
In the absence of the spin-orbit coupling, the spinsinglet component ψ (k) will not mix with the spin-triplet component d (k) in Eq. (13) . The possible single-band SC gap functions on hexagonal lattice are listed in Table I up to the first and second NN bonds [13] . 
We next examine all the pairing states in Table I to investigate which pairing channel will dominate. For simplicity, we set Fig. 3 , and those Λ µ not plotted have either negative or negligibly small values. Fig. 3(a) shows the pair coupling constant in various channels for U = 0.5 eV. Results for U < 0.5eV are similar. The spin-triplet f y(3x 2 −y 2 ) state in the γ-band appears at a finite J/U and become dominant when J/U > 1/3. The f y(3x 2 −y 2 ) state has a line nodal gap. Fig. 3(c) plots the results at U = 2 eV, to represent large U . In that case, the spin-triplet p zẑ state at the α-band dominates in all the realistic region of J/U < 0.45. The p zẑ state has a full gap at the quasi-1D α-band Fermi surface. In the intermediate region, e.g., U = 1.0eV, p zẑ and f y(3x 2 −y 2 ) state compete against each other, p zẑ dominates at small J/U , while f y(3x 2 −y 2 ) state become strong at large J/U . We have also calculated the pair coupling constant for
The results are similar in a wide parameter region 0.5 < J ′ /J < 2.0. Note that at large U and J/U , the SC pairing is found in the β-band with pairing symmetry p xx ± p yŷ and p yx ± p xŷ , which gives point nodal in the gap function. However, Λ µ for these point nodally gapped states are tiny.
Note that the divation of our tight-binding model from DFT results in some details would not change the above statements qualitatively. Because it is the Fermi surface shape and DOS near the Fermi level that determine Λ µ and pairing symmetry in weak coupling. Discussions and Summary We would like to mention some issues which have not been addressed in this paper but may be interesting for future work. (i) We neglect spin-orbit coupling in the theory for simplicity. Actually the D 3h lattice breaks inversion symmetry, and the spinorbit coupling may mix spin singlet and triplet states within the same D 3h irreducible representation in Table  I. (ii) We have only considered intra-unit-cell interaction in the Hubbard model. Since the Wannier functions are extended in a Cr 6 As 6 cluster, the inter-unit-cell interaction along the c-axis could be sizable. (iii) Since molecular orbitals are more extended than atomic orbitals, U and J are estimated to be smaller than or comparable to the bandwidth. In this paper we start with weak coupling to study SC instability. However, A 2 Cr 3 As 3 lattice is quasi-1D, an alternative approach would be to model the system as a coupled Tomonaga-Luttinger liquid.
In summary, we have proposed a minimal model to study superconductivity in A 2 Cr 3 As 3 (A=K,Rb,Cs), which involves three molecular orbital states in each unit cell. With the help of symmetry, we have deduced a tight-binding model with 3 molecular orbitals for the system, which compares well with the results of the density functional theory. We have derived effective pairing interactions within the RPA, and found that the dominant pairing channel is always spin-triplet. For small U , a spin-triplet state with line nodal gap, f y(3x 2 −y 2 ) , at the 3D γ-band will dominate at moderate Hund's coupling. While for large U , a spin-triplet fully gapped state, p zẑ , will dominate at the quasi-1D α-band. The state we find at small U appears to be most relevant to the compound. The pairing state of f y(3x 2 −y 2 ) has nodal lines on planes k a = k b , k a = −2k b and k b = −2k a , say, Γ-K-L-A planes on hexagonal lattices. The Γ-K-L-A planes cross small sections at γ-Fermi surface. Our theory at small U predicts line zeroes in gap function and appears to be consistent with existing experiments showing non-BCS gap function and particularly the low temperature London penetration depth measurement. Our prediction can be tested in further experiments including angle resolved photoemission spectroscopy. 
when ka ≪ 1, we have
Clebsch-Gordan coefficients
We shall also find out Clebsch-Gordan (CG) coefficients for later use. Since D 3h = D 3 ⊗ σ h , we only need to consider the CG coefficents for D 3 group. For D 3 group, there are three representations A 1 , A 2 and E, where A 1 and A 2 are 1D and E is 2D. The natural notations for A 1 and A 2 are 0 and0 respectively, say, |0 and 0 denote A 1 and A 2 states respectively. We also denote the two E states as |1 and |−1 . Here |1 and |−1 are two eigenstates whose eigenvalue under C 3 rotation are e respectively. The two E states can be also written as |x and |y , which are related to |±1 as
For the decomposition Γ 1 ⊗ Γ 2 = ⊕Γ, we have
In terms of |x and |y , we also have
The CG coefficients for D 3 group can be extended to D 3h group straightforward, via the following correspondence between D 3h irreducible representations and D 3 irreducible representations,
Howx,ŷ,ẑ transfer under σ h
To analyze the spin-triplet pairing states, one need to study how the basisx,ŷ,ẑ transfer under D 3h symmetry operations, especially under the operation σ h . The basis statesx,ŷ,ẑ are defined aŝ
Note that the horizontal reflection can be written as
where I is the inversion operation. Since angular momentum operators and their eigenstates will not change under I, we have
We would like to thank Daniel F. Agterberg for pointing out this correct transformation, who found a similar table as Table I in the main text.
DERIVATION OF H0 AND COMPARISON WITH DFT CALCULATION
A generic three-orbital tightbinding model without spin-orbit coupling can be written as
In the basis {|1 , |2 , |3 }, the Hermitian matrixξ k can be expressed in terms of Gell-Mann matrices,
where GellMann matrices λ 1−8 are defined with the unit matrix λ 0 as follows, 
The issue is how to determine ξ
), then we can find out how ϕ † ks λ τ ϕ ks transfer under D 3h symmetry operations. From the CG coefficients, we find that they can be classified to different irreducible representations of D 3h group. Fig.S1 shows that the set of tight-binding paramters given in the main text well reproduce the energy dispersion along high symmetry lines and the density of states near the Fermi level.
DERIVE THE THREE-ORBITAL HUBBARD MODEL
The electron field operatorψ σ ( r) can be expanded in terms of a complete set of Wannier functions,
where c imσ annihilates an electron with orbital m and spin σ at lattice site i. A generic interacting Hamiltonian is given by
where V ext ( r) is external periodic potential, and V ( r 1 − r 2 ) is the screened Coulomb interaction. H 0 can be written as a tight-binding model and we shall focus on the interacting part H int . In the spirit of a Hubbard type approximation, i.e. retaining only the terms on the same lattice site, we have where
Let's consider nonvanishing V mm ′ ,n ′ n according to D 3h group symmetry. Since the interaction V ( r 1 − r 2 ) = V (| r 1 − r 2 |) respects the full point group symmetry and belong to the A 1 representation. Wether a V mm ′ ,n ′ n vanishes can be determined by the CG coefficients.
Firstly, for m, n = 1, 2, the nonzero V mm ′ ,n ′ n can be written in terms of the integrals explicitly,
where U 1 is the intra-orbital interaction and U 2 is the inter-orbital interaction. If one chooses the Wannier function to be real, then J * = J, and J is the Hund's exchange energy. Secondly, we can choose that |1 transfers as x and |2 transfers as y under D 3h symmetry operations. Note that V ( r 1 − r 2 ) is invariant not only under D 3h symmetry operations, but also under all the O(3) symmetry operations. So that V xx,xx = V yy,yy = U 1 . Under a C 3 rotation along the c-axis, the two Wannier functions |1 and |2 (denoted by x and y) transfer as w x → cos θw x + sin θw y , w y → − sin θw x + cos θw y , where θ = 2π 3 . The integral V xx,xx should keep invariant under this operation. Assuming w x and w y are real, after straightforward algebra, we have
where the transfermation peroperties under C 2 are used. From the above, we have
Thirdly, we involve the state |3 . For m, m ′ = 1, 2 (or x, y), the relevant nonvanishing terms are given in the following,
When Wannier functions are real, J The above gives rise to
In summary, we have
We shall generalized the calculation by Scalapino et al. to the multi-orbital case. Diagramatically, RPA contains two types Feynman diagrams beside the bare vertex function V 0 (k, k ′ ) as shown in Fig. S2 . One contains the bubble diagrams, the other contains the ladder diagrams with Cooperon.
For the single orbital case, the RPA effective pairing interaction for spin-singlet and spin-triplet channels are
Note that Fig. S2(c) is absent in U s and Fig. S2(b) , (d), (e) and (f) are absent in V t because σ ′ =σ in the U term. For multi-obtial case, we shall replace the numbers U and χ 0 by the bare vertex functionsΓ s(t) in Eq. (9) and susceptibility tensorχ 0 in Eq. (5) in the main text. The effective pairing interactionV s(t) (k, k ′ ) from the bubble diagrams arê where p = k + k ′ and q = k − k ′ , and the matrixǍ is related to matrixÂ through the following relation, 
INTEGRATION OVER THE FERMI SURFACE
To calculate the dimensionless coupling constant Λ, we need to integrate over the Fermi surface. However, it is difficult to do this kind integration numerically. Insteadly, we recall the method to calculation DOS. The DOS is derived as follows,
Numerically, we use the following Lorentz lineshape to calculate it,
where N is the number of k-points in the first Brillouin zone and δ is the width of Lorentz lineshape. Thus, the integration in Λ can be converted to
